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THE Author has, for nearly  twenty years, been engaged in organ- 
ising a corps of observers of the  fall of rain over the  British Isles. 
His  attention has been almost  wholly directed to  the consideration 
of hydrological subjects, which  include  water as floating vapour, 
its deposit as  rain, its discharge in floods, its percolation for the 
supply of wells, its %ow into rivers, and its evaporation. 

The observers, whose  records  form part of the basis of this Paper, 
now number  nearly  two  thousand, but such is  the extremely local 
character of many  rainfall phenomena, that it is  rare for any dis- 
puted  question in hydrology to come before Parliament or the 
Courts of Law,  wherein it is  not obvious that  data from additional 
stations would have been advantageous. It is only further needful 
to mention that, by testing  the  instruments  in use, by visiting  the 
stations, and  by  comparing the  returns,  the Author  has endea- 
voured to render the  returns  worthy of confidence. 

The  number, as well as thevolume, of the floods  of 1875 having 
been extremely  unusual, the Author  has been led to believe that a 
brief record of their causes and effects, together with some remarks 
on other great floods of the  past  and present centuries, might  be 
acceptable. 

1 The discussion upon this Paper was  taken in conjunction with the following 

[1875-76. N.S.] B 
one, and  occupied  portions of three evenmgs. 
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2 XINUTES OF PROCEEDINGS. 

The floods  of July 1875 are divisible into two portions, and  the 
causes and consequences of each will be separately considered. 

The  first flood occurred  on the  15th, and was the  result of a 
rainfall of unusual  amount  and duration. The  rain lasted, on an 
average, about thirty hours, but  in most localities 90 or  more per 
cent. fell in twenty-four hours, and at  some stations  all fell in 
twenty-four hours. Plate 1 is coloured so as to show  each inch of 
total  fall ; the dotted lines mark the boundaries of the principal 
watersheds,  and the black shades indicate injury  by floods. 

For scientific work, rigorous uniformity is essential;  rainfall 
observations have therefore been  made punctually at 9 A.M. By 
this means strict comparability of records is insured, and such evils 
are avoided, as the  entry of the  fall  during  thirty-six, or even forty- 
eight hours  against  a  single day. It is obvious that, whatever 
hour of the day or night be adopted for the division of the rainfall- 
day, that  dividing hour  will a t  some stations separate a  heavy 

3-10. 1. 
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FLOODS IN ENGLAND  AND  WALES IN 1875. 3 

rainfall  into  two portions, neither of which  may  individually  be 
remarkable ; while a t  others, owing  merely to  their  lying  farther, 
.or not SO far,  along the  path of the rain-storm, the  fall may be 
wholly in  the second day or wholly in  the first, This is obvious 
from Fig. 1, which also gives a  general  idea of the character of the 
rainfall of the  14th of July.  The ordinates represent the hours 
from 1 A.M. on the  14th, to 6 P.M. on the  15th of July, 1875 ; the 
abscissa: indicate the  depth of the rainfall per hour, in  tenths of an 
inch. 

The  rainfall at stations in &Ionmouthshire  and GZamorganshire, 
during the twenty-four  hours  ending 0 A.31. on the  15th of July, 
xvas- 

Newport  Waterworks 5.33 
Inches. 

Tintern Abbey . . . . . . . . . .  5.31 
Newport. . . . . . . . . . . .  5.30 
Cardiff, Peutyrch . . . . . . . . .  4.80 

,, Cemetcry . . . . . . . . .  4-70 
Caerleon. . . . . . . . . . . .  4-64 
Chepstow . . . . . . . . . . .  4*20+ 1 

The exceptional character of these records will be understood 
when it is mentioned, that  in nearly all cases the amounts are 
twice as great  as  any previously recorded at the respective stations. 

The  rate of advance of the rain-cloud was nearly  uniform,  and 
almost precisely 17 miles  per hour, in  an east-north-east direc- 
tion.  Fig. 1 shows that,  at 4 PS. on the  14th, when the  fall of 
rain a t  Caerleon had  only been If inch, a telegraphic message 
might have been sent from Tenby, “Have had  steady rain for 
fiftecn hours, nearly 3 inches, and  still continuing.” 

Passing now to  the  total  rainfall,  the maps (Plate 1) render it 
unnecessary t o  describe it as fully as would otherwise be requisite. 
As a  general rule, heavy  summer rains occur in thunder-storms. 
Occasionally water-spouts yield large amounts in short spaces of 
time, but  they  are local, and no instance is  yet known t o  the 
Author of two occurrences of the class referred t o  in one locality. 
It is probable that  they  rarely happen  twice in  a century. The 
July rain  in Monmouthshirc and  South Wales  was not of this 
type,  and  was  quite as remarkable for its steady, persistent rate 
of about 1 inch in each of five  successive periods of five hours 
each, as for the  total amount. It will be  sufficient to give  a list 
of the  stations where  a  depth of 4 inches or upwards fell, which, 
as mill be seen by  the map, only occurred in two districts. The ‘ 

. . . . . . . .  

.. Ely . . . . . . . . . . .  4-15 

f denotes that the gauge overflowed. 
B 2  
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4 MINUTES OF PROCEEDINGS. 

fall of 4 inches on Dartmoor,  though infrequent, is by no means an 
exceptional phenomenon, and therefore only the Monmouthshire 
and South  Wales records are quoted. These are-  

Inches. 
Tintern Abbey,  Monmouth . . . . . .  5-91 
Springfield,  Newport ,, . . . . . .  5.45 
Waterworks ,,  ,, . . . . . .  5.33 

Cemetery,  Cardiff ,, . . . . . .  5.05 

Piercefield Park, Chepstow,  Monmouth . . 4.74+ 
5.02 

Caerleon,  Monmouth . . . . . . . .  4.71 
Longtown,  Hereford . . . . . . . .  4.70 
Tenby, Pembroke . . . . . . . . .  4.67 

Tynant Radyr, Glamorgan . . . . . .  5.10 

Ely 1 ,  7, . . . . . .  

Rhymney, Glamorgan. . . . . . . .  4.50 
Abergavenny, Monmouth. . . . . . .  4.21 
Treherbert,  Glamorgan . . . . . . .  4.14 
Llanfrechfa,  Monmouth . . . . . . .  4 . 02+ 

A catalogue of injury caused by this flood would  be far too long 
for this Paper. The Author  has therefore marked the sites of 
the principal damage,  and  merely  adds as brief an epitome as 
possible. 

Bath.-The  Avon  rose 10 feet above its usual  summer level, 
overflowed its banks,  and flooded several streets. 

Frome.-The river overflowed, and several roads  were rendereii 
impassable for pedestrians. 

Cinderford,  Gloucester.-The reservoir dam at  the head of Blake- 
ney Brook gave  way, the effluent water  swept through  the town, 
and flooded two or more  mines. 

Hereford.-The Wye rose to 14 feet, being  nearly as  high as in 
the  great flood of 1852. 

Newport, Monmouth.-Kumerous bridges  were  swept away. 
Pontypoo1.-Gasworks were  under  water,  and  furnaces  were 

extinguished. 
Nonmouth.-Rogers Pond reservoir near Cwm Carn  burst, ancl 

is reported t o  havc  subsequently breached the Monmouthshire 
canal, thus sending  a  large body of water down the Ebbw Valley. 

Curdi$.--Much  of the town  was  under  water. 
The traffic on the  greater number of the Monmouthshire an8 

Glamorganshire  railways was also interrupted. 

THE FLOODS OF THE 1 9 ~ ~  TO THE 2 1 s ~  OF JULY. (Plate 1.) 

From  the  16th  to  the  18th, heavy rain fell in various  parts, but 
no exceptional amount, the  largest reported  being  near  Louth, 
1 36 inch, and at  Halifax, 1 * 18 inch. On the  19th  there  were 
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FLOODS IN ENGLAND AND WALES IN 1875. 5 

thunder-storms in  the Midland Counties, and  in  the  Fen dis- 
tricts.  Upwards of 1 inch of rain was registered at  isolated 
stations in Northampton, Suffolk,  Cambridge,  Stafford, Leicester, 
Lancashire,  and  Northumberland.  The  heaviest falls were in  the 
neighbourhood of Wisbeach and  in  the north-west of Norfolk; the 
maximum reported was 1 66 inch at. Fincham,  near Downham 
Market. On the  20th upwards of 1 inch of rain fell over the 
whole of central  England,  and  upwards o f  2 inches  over  a tract 
about 200 miles from east to west, and 30 miles from north  to 
south. On the 21st thunder-storms, with much rain, occurred at 
Trowbridge,  Wiltshire, and  in  the Thames Valley, near  Reading; 
there  was also heavy rain  in  the north-east of Norfolk. All 
the  districts visited by  the heavy  rains of the  19th  to  the 21st 
had  previously been nearly  saturated by those of the  14th  to 
the  16th ; consequently the  results were very serious, especially 
in Staffordshire and  the adjoining counties. In fact, throughout 
the Midlands  much  damage  was done, and many  towns  were 
inundated,  including  Northampton,  Runtingdon, St. Ives,  Burton- 
on-Trent,  Eidderminster,  Coventry,  Nuneaton, &c. A  canal burst 
near  Tamworth,  and  railway traffic was  stopped on several lines. 

August was a  dry month, but  notwithstanding  there  were seven 
days on which  falls  exceeding 1 inch  in depth occurred, and damage 
was  done by floods in   a t  least three  districts, viz. : at Lewisham 
and the neighbourhood of Bickley, by  the thunder-storm of the 
7th of August,  when the fall of rainamounted to about 1.75 inch, 
of which more than 1 inch fell in  the first hour. At Enfield there 
was  a local fall on the same day of 2 * 75 inches, which washed  down 
walls, &c. There  was also heavy rain  in Leicester, Lincoln, and 
Nottinghamshire.  From the  6th to the  10th a singular  continu- 
ance of rain was experienced in  the south-west of Cardiganshire, 
the  total of five consecutive  days at  Castle Malgwyn  being 4.46 
inches ; on the  last  day  the banks of three ponds gave  way, de- 
stroying much property, besides causing loss of life. 

September was a  wet  month in  the West of England,  but  about 
the average elsewhere. From the  1st  to  the  16th it presented no 
feature  requiring notice ; on the  17th a fall of 2.74 inches oc- 
curred at  Bodmin, and on the  18th  a  fall of 1 12 inch at Haver- 
fordwest. On the 21st there was  a fall of about 0 * 75 inch over the 
greater  part of England,  and  slight fails continued  almost  daily to 
the end of the month. 

October  was a  very  wet  month,  although  only  two  individual 
rains  require special notice-there having been a  frequency of 
moderate falls, rather  than  any exceptionally large ones. During 
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6 NINUTES OF PROCEEDINGS. 

the first three  days an aggregate  depth of about 1 inch fell.  Then. 
followed six almost rainless days, but on the  9th a heavy  fall 
occurred over central  England, especially in the  dry district, 
extending  north-east from Banbury  towards Northampton. The 
fall a t  Banbury, and at  all stations above it in  the valley of the 
Cherwell,  was 3 inches or  upwards; consequently that  river was 
excessively  flooded, as was also the ATTon, both at  Stratford-on- 
Avon and  at Evesham  (Plate l). During  the  nine following 
days occasional rains yielded altogether  about 0 5 inch, an amount 
which, however unimportant per se, was yet sufficient to  hinder 
rather  than  to facilitate the discharge of the above flood. Much 
land was therefore under  water, and most  of the  rivers of central 
England were fuller  than usual on the  18th of  October, when 
another  heavy  fall of rain commenced, which  lasted  through the 
19th  and  part of the 20th. During  this  time  rain fell over the 
whole of England  and Wales to an average  depth of 2 inches. 
Less than 1 inch fell in  the extreme south-west of England,  in' 
Pembrokeshire, and  in  the eastern  and  south-eastern counties of 
England.  Upwards of 3 inches fell over part of Staffordshire, ancl 
at Exeter, the amount at  the  latter place being  principally due to 
a torrential  rain of 3 26 inches in a few  hours. This was a 
phenomenon producing much local, but no general damage. It, 
was  far  otherwise in  the great Midland tract,  which  had received a 
depth of upwards of 2 inches of rain. The ground  being  saturated, 
or  nearly so, all  the low-lying  lands were  flooded, and  the  total 
area  under  water  was  probably  greater  than it had been  for many 
years, certainly since 1852, the  only recent case with which i t  
could be compared. 

From  the 1st to  the  18th of  Kovember the weather  continued 
of the same rainy  type  as  during  the  last half of  September, and 
the whole of  October. The  result was that nearly the whole of 
the land flooded at  the end of October remained so until  the  latter 
part of Noyember. 

The distribution of rain over England in July, September, 
October, and November  1875, is given in  the Appendix, Tables A, 
B, C, and D. 

DETAILS OF THE HEIGHT OF THE RIVER  CHERTVELL AT OSZORD, AND. 

OF  THE RIVER AVON AT STRATFORD-ON-AVOX AND AT EVESHAM. 

On the  9th of  October, 1875, the Rev. T. H. Hopkins, Tutor of 
Magdalen  College,  Oxford,  placed in  the river Cherwell,  where the 
river forms the boundary of the College  meadow, a scale, the base 
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FLOODS IN ENGLAND AND WALES IN 1875. 7 

of  which is a flat stone. This stone has only once  been known to 
be  dry,  and  the level of its upper surface is the zero of the observa- 
tions. Mr. Chapman, of Frewen Hall, remarks that  the recent floods 
seem t o  have been almost exactly equal t o  those of 1852, and that 
the  rise of the  river follows the  rain  at  an  interval of about  thirty- 
six hours. 

At Stratford-on-Avon  a flood board was placed by  the  bank of 
the  river  at  the  Stratford flour mills at  the beginning of the 
present century, and  every occasion when the floods have risen to 
4 feet above the weir  has been  recorded.  Messrs. C. Lucy and 
Nephew, in  sending  the following list, remark, that of a total of 
ten floods which  have exceeded 4 feet in height, four were in 
1875, being the only instance where more than one  flood has reached 
over the 4 feet in the same year. 

Feet. Inches. 
1801  (Date unknown) . . . . . .  7 24 
1821 December 25th . . . . . . .  5 8% 
1848 October 1st . . . . . . . .  6 45 
1852 November 12th . . . . . . .  5 106 
1853 July  15th . . . . . . . .  5 5 
1872 December 14th . . . . . . .  5 4 
1875 July 22ud . . . . . . . .  6 S 
,, October 12th. . . . . . . .  4 9 

,, November 14th . . . . . . .  5 9 
,, ,, 21st. . . . . . . . .  c; og 

Observations at  Evesham, 16 miles lower down the river, gave 
nearly  the same results, the  slight differences probably  being  due 
to  the  tributaries  the Avon  receives between  Stratford  and Evesham. 

Above ordinary 
level. 

Feet. Inches. 
1770 November.-The highest flood mithin memory; it reached 

almost up to the keystone of the  middle  arch of a bridge, 

1830 June 26th.-Violent thunder-storm ; the  river  during the 

1818 October 1st.-A three days' rain  caused the river  to  rise 

of which no accurate record exists,  probably . . . .  15 0 

night rose  from its usual  level to about. . . . . .  14 0 

1852 November 11th.-Greatest height . . . . . . .  14 0 
rapidly ; the flood can only have been second to that of l776 l 4  9 

1872 January 18th.-A flood of long  duration; for seventy 
hours it exceeded . . . . . . . . . . . .  'i 0 
And itsmaximum was . . . . . . . . . .  S 9 

~, October 10th. ,, 4 P . M . .  . . . . . . .  9 6 
1875 July 22nd.-ilfaximum a t  4 P.M. . . . . . . . .  12 6 

1. ,7 21st. ,, 4a .a . .  13 1 
,, ,, 28th. ,, 4 . 3 0 ~ ~ .  4 6 .. November 7th. ,, 8 A.X. . . . . . . . .  8 G 

,, 12th. ,, 4 A.X. . . . . . . . .  10 0 

. . . . . . .  

. . . . . . .  

. . . . . . . .  > 7  ,, 14th. ,, 3 P.BL 12 0 
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8 MINUTES OF PROCEEDINGS. 

Having briefly indicated the locality and features of the floods 
of 1875, attention  is necessarily led to  their cause and prevention. 

There  are  three  primary  branches of inquiry respecting the 
development of floods,  upon which the Author can throw no 
light for want of observations. These  branches are: (1) The 
rate of rise of  floods.  Beyond the general fact, which lies upon 
the surface, that a torrential  rain,  like  that of 3.26 inches in 
three  hours a t  Exeter, produces a  rapid rise in  the nearest stream, 
scarcely anything  is known. It must  be perfectly possible to 
compute, from the  nature of the soil, the  inclination of its surface, 
and  the rainfall, the  rate of rise in  the rivers, but scarcely any- 
thing  is done, and little more is known  now than  in former  days. 
Similarly  with respect to  (a), the  relative floods on different 
soils ; it is known that floods on chalk are  rare,  not occurring 
except  under the unusual conditions mentioned by Mr.  Homersham, 
M. Inst. C.E. ;l it is also known that  in precipitous districts of 
primary rocks they rise and fall  with  great  rapidity,  but no 
attempt  to deduce the  rate, on, say, oolitic, as compared with 
primary, rocks, has been  made. (3). The Author is not aware of 
any published  details of the  rate of progress of  floods down 
rivers in England,  although  he possesses many  such records for 
foreign rivers. Obviously floods are  the  result of rain  falling 
upon the ground  faster than it can run off. The  flatter  a  river 
the less its velocity ; the nearer “ bank full”  a  river  is kept, the 
less the storage room it possesses, and  the sooner  does it begin to 
overflow. 

Thames floods might be  abated  either  by  embanking,  by con- 
structing storage reservoirs, or by  lowering  the water-level. Em- 
banking  has been  much urged as  a remedy for floods, but  to  the 
Author it seems of doubtful  expediency, except within  tidal 
limits,  the effect  of embanking  being  always t o  raise the bed of 
the river.  Another  feature with respect to embanking, and one 
of special importance in  a flat watershed  like the Thames, where 
the  rainfall  varies  but  little, is, that  while embanking secures the 
exclusion of water from  above, it at  the same  time checks the 
facility of discharge from land behind the embankment. 

There is at present  a  popular  demand that  the flood waters of the 
upper  Thames  should be stored. This storage will  vary  greatly 
according as it is designed for (1) preventing floods, ( 2 )  or for 
maintaining  an  adequate flow during droughts. It is a different 
matter to store flood water in the Thames from what it is in 

’ Vide Minutes of Proceedings Inst. C.E., vol. xxxi., p. 5s. 
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FLOODS m ENGLAND AND WALES m 1875. 9 

many  other  rivers, such as  the Severn, for instance. The Thames 
valley, as far as the Author is aware, is  singularly  destitute of 
good natural sites for reservoirs; and  their construction though 
practicable, would be costly and difficult; costly from the  extent 
and nature of the works, and difficult owing to  the porosity of 
much of the soil. The Author  doubts  whether those who urge  the 
storage of the  winter floods  of the Thames realise the enormous 
volume of water  to be dealt with. A depth of 1 inch of rain over 
the Thames  basin above Kingston gives 53,375,000,000 ga1lons.l 
If  the reservoir storage is to be adequate to prevent floods, a  depth 
of rain of a t  least 3 inches  must be  provided  for,  or, in round 
numbers, 160,000,000,000 gallons. Even  then it is doubtful  whether 
it would at  all times  be possible to lower the reservoirs with suffi- 
cient rapidity  to  be  ready for subsequent rains, without  the dis- 
charge of such  a volume of water as to  risk  slight floods. Again 
the responsibility for the control of such reservoirs would be ex- 
ceptionally onerous, for the  Engineer would always be expected to  
have the reservoirs empty when a flood  came, and  yet would  be 
blamed if  they were not  full at  the commencement of a drought. 
Mr. Bailey  Denton, M. Inst. C.E.,2 proposed for water  supply purposes 
certain reservoirs in  the Thames  basin  having an aggregate  capacity 
of 14,500,000,000 gallons, and  he  estimated  their cost at 51,360,000. 
At  this  rate of 85,000,000 sterling for the storage of 1 inch of rain- 
fall, reservoirs of adequate  capacity to  prevent  the flooding of the 
Thames would  cost a t  least .S15,000,000 sterling.  This,  perhaps, 
is  a sufficient reply to  the suggestion of storage solely as a  remedial 
measure  against ffoods. It would,  however, probably be judicious to 
examine the watershed, t o  ascertain whether sites for small reservoirs 
exist on the Thames or its  tributaries,  and  if  suitable ones exist to 
have  them utilised. This is especially desirable as long as  the  supply 
of water  to London for drinking purposes is taken from the Thames ; 
and  part of the cost might  justly be  thrown upon the companies 
pumping  therefrom. 

The  Author does not wish to discuss at  length  the expediency 
of retaining the weirs on the Thames at  their present  height. He 
may,  however, be permitted to express  his  concurrence with  the 
remarks of the Rivers Commission,3 respecting the  relative  im- 
portance of water-mills  and agricultural  land,  and  to  state his 

1 Vi& Royal  Commission  on  Water  Supply,  Minutes of Evidence, p. 183. 
= ltrid., p. 100. 
3 vide 6‘ Second  Report of the  Commissioners  appointed to inquire into the best 

mmns of Preventing the Pollution of Rivers. River Lee.” vol.  i., p. XVi. 1867. 
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10 XIIWTES OF PROCEEDINGS. 

belief, that  the vested rights of a few miserably unprofitable mills 
should  not be allowed to cause the %ooding of thousands of acres. 
The more rapid  discharge of flood waters is perfectly practicable, 
but its expediency is too large  a question to be raised incidentally. 
Hitherto no  adequate attempt  has been  made to grapple  with  the 
evil ; this can only  be  done by  the action of Government,  and by 
giving  larger powers and  larger  pecuniary assistance than heretofore. 
Up  to  the present  time  every attempt to improve  rivers or to pro- 
vide  towns with  water  has been met by  a powerful association of 
vested  interests of the class already described. Whether  the owners. 
of these obstructions ought  not to give  way is a political rather  than 
an engineering  question;  but it may be safely  affirmed, that it is 
most desirable that,  if  any works  be proposed for the  Thames 
valley, or for any  other watersheds, the amount expended in 
compensation should be separated from the sum spent in works. 

Considering that  the  health of the  nation depends  on  the- 
purity of its water  supply,  and  considering also the  multitude 
of uses of water for manufacturing purposes, and  the  great 
pecuniary losses resulting from floods, it seems remarkable that 
there  is  in  England no central body charged with  the supervision 
and control of a  matter so important  to  the  national welfare. I t  
is believed that  if  a  central office had existed, thoroughly  informed 
of the  depth of the rainfalls, with power to telegraph the informa- 
tion  to local officers; and if these local officers had had  all sluices, 
&C., under  their absolute control, much of the recent damage might 
have been averted. 

The  quantity  and  quality of water  are so frequently considered 
together, that  the Author  ventures  to  say a few words upon the 
latter question. The  purity of the  water supplied for drinking 
purposes is  evidently of the  highest importance ; and since the 
discovery of the conveyance of disease germs  through  the  mixture 
of excremental matter, even with  large volumes of water, the 
paramount necessity of avoiding all sources which show any 
trace of previous sewage contamination can hardly  be contested. 
This is especially the case since Dr. Frankland  has shown that  the 
theory of the self-purification of rivers  by oxidation, even  if it 
occurs a t  all, is certainly  not universal. 

It is not now,  however, merely  town or village drainage  which 
it is necessary to  guard  against ; there is also the by  no  means 
agreeable  drainage from highly-manured  land. It appears, there- 
fore, to follow that  all sources must be abandoned  except  uncul- 
tivated  mountain  districts  and  deep wells. But  cultivation  has 
advanced so rapidly in  England  and Wales, that  the unculti\rated 
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area  is becoming very small, and is insignificant except in Devon- 
shire, Wales, parts of Yorkshire,  and the Lake Districts. No one 
would be so rash  as to propose that  the  drinking  water of all 
England should  be  obtained from these districts. Besides, chemists. 
object t o  many of the  gathering grounds on account of mineral 
workings,  and to  others because the  water  is discoloured a  little by 
peat. Latterly, moreover,  microscopists have come forward to  urge 
that  the water  in which, perhaps, the chemist  can detect but  a 
trace of organic matter, is proved, under  the microscope, to contain 
numbers of animalcules. 

Are,  then, deep wells to be the sole  source  for the  supply of 
water for the  future?  Here  the question of hardness  suggests 
itself for consideration. Probably the most desirable water for a 
town supply is one of moderate hardness, not  a  chalk  water  which 
will scarcely allow  washing in comfort, nor an excessively  soft 
water,  which is alike deficient in refractive power (or, as it is 
popularly  termed, brilliancy), and in crispness of taste. But  there 
are  great difficulties in  obtaining  an adequate  supply from wells, 
and  there  is also the cost of pumping.  Noreover, as has been 
proved at Rugby, it by no means follows that good water can always 
be obtained by sinking a well. There can hardly be any question 
respecting  the necessity of rejecting  water  showing traces of pre- 
vious sewage contamination, for disease germs  appear to possess a 
vitality  proportional t o  their destructiveness. With reference to. 
the fouling of water by artificial manures, the Author was  shown, 
on the farm of Nessrs. Lawes  and  Gilbert a t  Rothamstead, two 
patches of wheat ; each had been sown at  the same time, and  each 
had received the same total  quantity of manure, yet one patch  was. 
greatly superior to  the other. The  explanation  was that  the  date 
of application of the  manure  had been  different.  One patch  re- 
ceived the whole amount in  the  autumn ; the  other  only a slight 
amount  in  the  autumn and the residue in the spring. The  autumnaL 
and  winter  rains washed away  the  bulk of the manure  applied in 
the  autumn, which  did little good to  the wheat,  and (as was  proved 
by  analysing  the effluent drainage  water)  ran  into  the streams and 
did harm. It must be admitted that a  small  amount of artificial 
manure  is carried into  the  streams;  but it remains to be shown 
that  the amount  is sufficiently large t o  be injurious. 

The pollution of mountain  water  by  mining operations may next 
be  mentioned;  but  this  is  a  sentimental  rather  than  a  real  injury. 
No one  would like  to  drink a tumblerful of the water from Green- 
side mines as it passes  down Glenridding beck as  white as milk, 
or  from a  stream of “Hush ” water ; yet  let  the tumbler  stand for. 
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a few hours, the  earthy  matter would fall t o  the bottom, and  the 
water,  if  not  quite  as  pure as it fell on the mountainside,  would 
be  far superior to  that  with which too many of the population 
are supplied, and  which  has  served  them  and their ancestors for 
generations. Dr. Frankland himself  has stated that  the exclusion 
of the  Glenridding  stream would bO an  injury to Ullswater. 

Peaty  water  is objected to, and  is  neither  agreeable to sight nor 
to taste ; but, unless it be nearly as brown as coffee, it is doubtful 
whether it is unwholesome. At  any  rate,  the population who 
have  no  other  supply are  usually  healthy  and long-lived. 

Animalcules are unpleasant additions to  drinking  water;  but if 
equal microscopic  power  were applied to other  articles of food, our 
dietary would probably be very limited. Ever since man  has been 
upon earth  he  has  drunk from mountain streams, and  if  such 
streams  contain animalcules, it seems necessarily to follow that 
they  cannot be very  injurious. 

Well  and spring  water is usually free from organic matter, 
and therefore is recommended for almost universal adoption ; but 
Drs. Frankland  and Odling  state,2  when  referring  adversely  to 
the well-water  which the  Eent Company pump from the chalk, 
that “it is remembered that  the chalk of the London basin 
receives a  large amount of soakage from cultivated  land ; secondly, 
that  the chalk  wells of Woolwich Arsenal  betray  symptoms of 
connection with  the  river Thames ; and  thirdly,  that  the  chalk 
itself is,  according to  the recent researches of 3&champ, filled 
with  living microscopical organisms. The presence of large quan- 
tities of nitrates  in  the chalk  waters of the  Kent Company is  by 
no means exceptional; these salts  exist  in  still  larger  quantities 
in  the chalk  waters of Grays,  Worthing,  and  Watford.” Without 
accepting in toto the catalogue of evils  with  which  the Board of 
Health charged  hard  water, it is difficult to consider that  the 
quantity of mineral  matter  which it contains  can  be  without effect. 
If asked to believe that  large  quantities of carbonates or sulphates 
of lime  are  inert, one instinctively feels that, if that be true,  the 
efficacy  of nearly  all  the  mineral  spas of Europe  must  depend  not 
upon the silicates, $C., in  the  water,  but upon the  imaginative 
power of the drinkers. 

Rain  was  formerly considered the  purest source of water  avail- 
able ; but now a  Royal Commission s state  that it is ‘‘ water  which 
has  washed  a more or less dirty atmosphere,”  and that it is “ laden 

Vide Royal Commission on Water Supply, 1869, Appendix D, p. 22. 
Zbz‘d., p. 21. Rivers Pollution Commission, 1868. Sixth Report,  p. 30. 
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with  mineral  and excrementitious dust, zymotic  germs, and  the 
products of animal  and  vegetable decay and putrefaction.” These 
sweeping assertions are followed by analyses, and it is  stated  that 
we shall “ look in  vain  to  the atmosphere for a  supply of water 
pure  enough for dietetic purposes.” There is a  simple  and  appa- 
rently convincing proof that these alarming  statements may  be 
received with perfect equanimity. The population in England 
wholly  dependent upon rain  water is a large  and an increasing one. 
If  rain  water, when collected with moderate prudence, is unwhole- 
some, surely the Commission, which  spared  neither trouble nor 
expense in other  matters, would have produced  evidence of the 
illness resulting from the use of rain water. 

The  extreme  refinement of modern analysis has  seemingly led 
chemists to  set  up  a  standard of purity  in excess of the necessities 
of the case. Every one engaged in selecting a source of water 
supply looks out for the best obtainable at a  reasonable cost : it 
can scarcely be expected that more  should  be  done. Of the  total 
supply,  probably  not  one-hundredth part is drunk,  and  not one- 
thousandth cold and unmixed with  other ingredients. It is  hard 
that  nine hundred  and  ninety-nine parts  must be of ideal purity, 
for the  other one that may be drunk, especially considering that 
the  better class of domestic filters will remove any injurious sub- 
stance. 

Looking  forward to  the  time when the extension of cultivation 
and  the increase of the population will render necessary important 
changes in  the  water  administration of this  country,  the  first  and 
great  point is  to secure the  highest possible training for the  rising 
generation of engineers. The  Author believes that  in two respects 
students in France  have  a  material  advantage over  those in Eng- 
land. It may  appear strange t o  complain, in an  Institution whose 
library of engineering  works is probably  unequalled, that  English 
students of hydraulic  engineering are badly  provided for. It is, 
however,  certain that,  as  regards books  upon rivers or canals, 
there  are a t  least  ten  times as many  published in France  as  in 
England.% 

English  engineers  very  rarely write books ; consequently the 
only resource of a  young  engineer is a pile of blue-books, which he 
must  sift and  digest  as well as he can. Snother deficiency is that 

1 The c&lope of second-hand books just issued by Lefkvre, of Paris,  contains 
thirty-one  separate French works on hydrology, canals, and rivers. This one 
catalogue, therefore,  probably  mentions more separate works upon the  subject 
than have ever  been printed in England. 
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of an  Institute for Experimental  Instruction in  the  Laws of Hydro- 
logy. The  Author  has  long  regretted  the absence of such an insti- 
tution  in  this country, and  the  regret has been much increased 
since M. Herv6  Mangon kindly took him  through  the hydrological 
school a t  Paris,  belonging to  the department of the  Ponts et 
Chausskes. The appliances provided in  that establishment are, as 
far as the Author is aware, neither equalled nor approached in  this 
country ; for they do not merely consist of chemical laboratories, 
geological  museums, and such  ordinary  implements of tuition,  but 
include machine-rooms,  models, and  apparatus for testing  the 
flow of water,  with  varying heads, through orifices of various sizes 
and shapes; thus  giving  that practical  familiarity with hydrolo- 
gical observations and experiments i n  early  youth  which would be 
of service through life. 

The  Paper is accompanied by a series of diagrams, from  which 
Plate 1 and Fig. 1 have been  compiled. 

[APPENDIX. 
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